Visual objects naturally compete for the brain's attention, and selecting just one 16 of them for a behavioural response is often crucial for the animal's survival 1 . The 17 neural correlate of such stimulus prioritisation might take the form of a saliency 18 map by which responses to one target are enhanced relative to distractors in 19 other parts of the visual field 2 . Single-cell responses consistent with this type of 20 computation have been observed in the tectum of primates, birds, turtles and 21 lamprey 2-7 . However, the exact circuit implementation has remained unclear. 22
contralateral side ( Fig. 1a -c, Extended Data Fig. 1i, j) . Depending on the location and 48 the strength of the stimulus, fish larvae adjust direction and magnitude of their 49 response. We identified loom expansion rate and contrast as key factors that modulate 50 escape probability (Extended Data Fig. 1a -e, see also 14 ). We asked how zebrafish 51 respond to two looming stimuli presented simultaneously (Fig. 1d ). We reasoned that 52 fish may either "select" one of the two stimuli for response and suppress a response to 53 the other stimulus (winner-take-all hypothesis); alternatively, fish might integrate both 54 stimuli, triggering an escape response in a direction along the mean vector of 55 responses to either stimulus presented alone (averaging hypothesis) [15] [16] [17] [18] . 56
57
When we presented two stimuli of equal strength, appearing on either side of the fish, 58
we observed a bimodal distribution of escape trajectories. Larvae consistently escaped 59 in a sideways direction away from one, apparently randomly chosen disk ( Fig. 1d , 60
Extended Data Fig. 1g ). Modulating the expansion rate of one stimulus (e.g. slower 61 expansion rate) biased the combined responses away from the stronger stimulus ( Fig.  62 1e-f, Extended Data Fig. 1f-o ). While this result argues in favour of a winner-take-all 63 mechanism, a smaller, but significant fraction of responses pointed toward an 64 intermediate direction, consistent with an averaging strategy. To estimate the relative 65 contribution of each strategy, we fit a biased-mixture model implementing predictions 66 from both hypotheses (Fig 1g) . For equal stimuli (bias = 0.5), we found that a mix of 67 winner-take-all (80% of responses) and averaging (20% of responses) best explained 68 the data (Fig 1h, j and Extended Data Fig. 1k, m) . For unequal stimuli, we additionally 69 fit the bias term (Fig. 1i ). This revealed that fish selected the stronger stimulus 70% of 70 the times, (bias term = 0.7) (Fig 1i-k , Extended Data Fig. 1l, n) ). 71
72
We next asked if the winner-take-all behavioural strategy extended to a situation where 73 two looming stimuli were displayed to the same eye in non-overlapping parts of the 74 visual field (Extended Data Fig. 2) . A single looming disk, positioned in the posterior 75 visual field, triggered a forward escape, (47° +/-3.9 SEM), whereas an anteriorly 76 located disk triggered a sideways escape (82.5º +/-7.6 SEM) (Extended Data Fig. 2l ).
Both stimuli together triggered a distribution of escape angles that included the 78 responses to single stimuli. The limited dynamic range of escape angles for the two 79 stimuli precluded fitting our biased-mixture model. However, as with binocular 80 stimulation, the faster of two monocular stimuli dominated escape direction such that 81 its mean angle was indistinguishable from that triggered by the stimulus alone 82 (Extended Data Fig. 2l ). Thus, stimulus selection is also detectable with monocular 83 stimuli. 84
85
Next we investigated the potential neural correlates of stimulus selection using brain-86 wide calcium imaging ( Fig. 2a, b ). We first determined which regions responded 87 reliably to looming stimuli (Extended Data Fig. 3a ). As shown previously 10,19 , looming 88 stimuli activated retinal ganglion cell (RGC) axons, the tectum, the pretectum and a 89 thalamic area near retinal arborisation field AF4. We also found a responsive area at 90 the midbrain-hindbrain boundary that we identified as the putative zebrafish homolog 91 of the nucleus isthmi (NI) 20 , a region that has previously been implicated in the 92 generation of a visual 'saliency map' 3,6, [21] [22] [23] . 93
94
Competing ensembles of tectal neurons have been observed in the zebrafish tectum 24 . 95
We hypothesised that we should find at least two response types to the competing 96 looming response: (i) neurons whose activities scale with the strength of one stimulus 97 and (ii) neurons whose activities are suppressed by the competing stimulus. We 98 designed a protocol to find these two response types. We kept the expansion rate of 99 one looming stimulus constant (S1), while systematically varying the velocity of the 100 competitor stimulus (S2) ( Fig. 2c ). Presenting two competing stimuli to the same eye 101 resulted in the suppression of activity in a subset of tectal cells ( Fig. 2d , f, h, in 102 magenta). The response of these cells to S1 was substantially reduced, when S2 was 103 stronger or identical to S1 ( Fig. 2f ) but was high when S2 was weaker than S1. On the 104 other hand, we found responses that scaled with increasing S2 speed ( Fig. 2d , f, h, in 105 green). These findings are consistent with stimulus competition by reciprocal 106 inhibition 25,26 . Similar response profiles to looming stimuli have previously been called 107 "switch-like" in the barn owl 22 . Remarkably, we observed switch-like responses already 108 at the level of the RGC axons ( Fig. 2d , e, g, Extended Data Fig. 3b -c). This suggests 109 that monocular stimulus competition affects the activity of RGCs and may be inherited population response is flexible and shifts systematically with the strength of the S1 112 stimulus ( to RGCs, suggesting that saliency computation is amplified in the tectum (correlation 114 coefficients, RGCs: R = 0.47, Tectum: R = 0.72, Fig. 2i ). To ask if the stimulus 115 competition extends to stimuli with different valence, we designed synthetic, prey-like 116 stimuli, which evoke hunting behavior 27 . Indeed, RGC axons and tectal responses 117 showed suppression and enhancement driven by a competing prey stimulus on the 118 same hemisphere (Extended Data Fig. 4a -c). Such a mechanism might facilitate 119 efficient target selection during hunting against a background of distractors. 120
121
The suppression observed in RGC terminals is likely the result of intraretinal 122 processing of competing stimuli by means of lateral inhibition 28,29 . To rule out that RGC 123 axon terminals receive feedback modulation within the tectum 30 , we ablated the tectal 124 cells and then imaged the RGC terminals in response to competing looming stimuli. Two stimuli presented to opposite sides of the fish (Fig. 3a) , produced switch-like 133 suppression and enhancement of distinct populations of neurons, similar to same-eye 134 stimulation ( Fig. 3c ). We, therefore, predicted the existence of a circuit that compares 135 signals between the two eyes. Such dynamics were observed both in the tectum and 136 the NI across hemispheres ( Fig. 3b-g ). Using transmitter-specific lines 32 , we 137 determined that, as in other vertebrate species, cells in the NI either express 138 glutamatergic (vglut2a) or GABAergic (gad1b) markers in a mutually exclusive fashion 139 and express known marker genes for the isthmic region (e.g. Reelin) 33 ( Fig. 3h , 140 To test whether there is a functional connection between the NI and tectum, we imaged 149 tectal and isthmic activity in response to a looming stimulus, while optogenetically 150 activating a subpopulation of excitatory NI neurons ( Fig. 3i ). We observed a strong 151 modulation of the stimulus-evoked activity in the contralateral NI and tectum; 152 responses were either enhanced or suppressed upon co-activation of glutamatergic NI 153 neurons ( Fig. 3j , k, Extended Data Fig. 7 ). This suggests that photostimulation likely 154 activates different functional classes of neurons in the NI. As in adult frogs 34 , activation 155 of NI neurons alone (without a visual stimulus present) did not reliably lead to activation 156 of tectal cells (Extended Data Fig.7a-d) . 157
158
Intertectal and tectobulbar projection neurons were recently described in larval 159 zebrafish 35 . Anatomical co-registration revealed that tectal axon terminals overlap with 160 dendritic arborisations of NI neurons on both sides of the brain (Fig. 4a showing interocular interactions between left and right NI 36 . Thresholding of the 170 difference in activity of left and right tectum has been proposed as a possible 171 mechanism to compare stimulus saliency in mammals 37 . 172 173
In conclusion, the topographical arrangement and transmitter identities of recurrent 174 connections in the isthmotectal loop support a saliency map mechanism, in which 175 representation of one stimulus is focally enhanced, while responses to stimuli 176 elsewhere are suppressed ( Fig. 4g ). Such a network could produce the observed implement context-dependent target selection ( Fig. 4g) which simulates the distribution of responses to competing stimuli by combing the 193 single trial responses to individual stimuli. One stimulus response from an S1 trial and 194 one stimulus response from an S2 trial are combined using repeated random sampling. 195
The winner-take-all model chooses randomly between the S1 response and the S2 i. Switch value increases with S1 strength for both RGC axons and tectal cells. R-value 238 is the correlation coefficient and the p-value relates to testing whether the slope is zero. 239 N=5 fish. Errors are SEM. competing binocular stimuli. 242 a. Binocular competition task. S1: stimulus 1, located on the left side of the fish. S2: 243 stimulus 2, located on the right side of the fish. In orange, condition where both stimuli 244 have equal strength ("switch value"). b. Anatomical location of the tectum and the 245 nucleus isthmi (NI) in zebrafish larvae. c. Pixel-wise regression analysis of the temporal 246 series during a single imaging trial. The t-statistic for each pixel is calculated. Map 1 247
shows associated S1-responsive tectal pixels, suppressed by a stronger S2 stimulus 248 (in magenta). Tectal pixels that enhance their response as a function of S2 intensity 249 are shown in green. Map 2 shows the same response profiles as in Map Intertectal cells project mainly to the dendrites of excitatory NI cells (Extended Data 297 Fig. 8d ). Ipsilateral tectal projection neurons terminate in the excitatory and inhibitory 298 neuropil of the ipsilateral NI (Extended Data Fig. 8b-c) . Selection of most salient 299 stimulus is done across the hemispheres. "Winning" stimulus activates both 300 contralateral inhibitory and contralateral excitatory NI neurons (green). "Losing" the 301 competition leads to suppression of the excitatory NI population (magenta). Feedback 302 projections from the NI to the tectum are shown in orange (inhibitory) and blue 303 (excitatory). Reciprocal projections between the excitatory and inhibitory NI cells are 304 shown inside the NI box. GABAergic NI neurons project via a superficial commissure 305 and arborise broadly in the contralateral and ipsilateral tecta (3) or only the ipsilateral 306 tectum (4), where they may implement reciprocal inhibition across hemispheres. 307 Excitatory NI neurons cross the midline via the postoptic commissure, located deep in 308 the diencephalon. One class of cells form collaterals in both the ipsilateral and the 309 contralateral tectum (5) (see Extended Data Fig. 8k ), where they enhance the winning 310 activity (green cells in the tectum). Suppressed tectal cells are shown in magenta. The 311 other class of excitatory NI cells projects first to the contralateral glutamatergic NI, with 312 arborisations close to the pretectum, thalamus and a neuropil region close to the 313 contralateral semicircular torus and tectum, and then returns to the ipsilateral side 314 s ( Fig. 4d, Extended Data Fig. 8f, 8h and 8l ). We posit that this delayed excitation may 315 balance the system, once the behavioural response is finished. The third class of
RGC axons

